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I MPLEMENTAT ION

Arkansas soils classified A-4 or A-6 may nov be used in r.igid pave-

ment design by determining the CBR at field moisture. Design nomographs

modified from the 1972 AASHT0 Pavement Design Guide can be used dir.ectly

with CBR in the same way K-value 'is used.

Use of CBR at field rnoisture will save time and cost less than the

f iel d p'l ate beari ng test .
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GAINS, FINDINGS, AND CONCLUSIONS

The fol 1ow'ing I ist includes the primary gains and conclusions of

this study:

1 A correlation exists between K-value and CBR at field mo'isture

content for A-4 and A-6 soils. The relation'is K = 13.8 CBR +

80.6. Care should be used when us'ing th'is relation because it
is based only on seven data points.

3

2. No relation was found between K-value and R-value or Resil'ient

Modu I us .

No relation was found between K-value and ASTM standard CBR or

between K-vaIue and CBR at field moisture when A-? so'iIs were

included. A-2 soils may have failed to correlate because of the

necessary removal of part'icles over 0.75 inches.

A relation between R-value and ASTM standand CBR was found for

A_Z_4 soils. The relation is CBR = 0.317 R + 3.70I.

4
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SUMMARY OF IMPLEMENTATION

Practical Appf ication: Correlation of CBR at field moisture content

with K-value prov'ides designers of rigid pavements with an alter'-

nat'ive test to the plate bearing test for AASHTO A-4 and A-6

classified soi ls.

Reconrmended Procedure: Use of Fi gures 4.20 and 4.21 are recomnBnded

because they ane based on the Ioler 90% confidence'line of the

correlat'ion and therefore w'ill be conservative 95% of the time. The

figures should only be used for CBR values at fjeld mo'isture content

(not at opt'irnum rnoi sture as ASTM requi res).

Benefits: The use of CBR at field moistune content takes less time and

is less costly than the field plate bearing test.

I
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Chapter 1

I NTRODUCTION

Arkansas Highway and Transportation Department uses the "AASHT0

I nterim 8r i de f or Desi gn of Pavemnt St ructures, " L972, f or desi 9ni ng

rigid or concrete pavements.

Rigid pavement design requines the evaluation of the terminal ser-

viceabi'lity index (Pr), equivalent 18-Kip (80 kn) single-axle loads, the

modulus of subgrade reaction (K-value), and the wonking stress in the

concrete (ft ).

I'lestergaard's modulus of subgrade reaction (K-va'lue) is a cnitical

element in the design of rigid pavements. K-va1ue is determined from

the Plate Bearing Test (PBT), 00 expensive and time consuming test

costing from $1,000 to $5,000 per test in 1981. This study attempts to

correlate the modulus of subgrade reaction (K-va1ue) with more economi-

cal and I ess tirne consumi ng 'laboratory tests, the Cal i f orni a Beari ng

Ratio (CBR), Hveem Stab'i loneter (R-value), or Resil'ient Modulus (Nn).
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Chapter 2

L ITERATURE REVIEI.I

Subgrade Reaction, K

The 1972 AASHT0 Interim Guide for Design of Pavement Structures (p.

30) defines l,{estergaard's modulus of subgrade reaction, K, as "the load

in pounds per square inch on a loaded area d'iv'ided by the deflection in

inches of that Ioaded area". Subgrade reaction in this des'ign guide is

determined by plate'loading tests performed per AASHT0 T??2 using a

30-inch diameter plate.

The AASHTO test for K requires forces up to 25,000 pounds. The

force may be provided by: two loaded dump tnucks with a beam between

them, a beam spanning 16 feet between two anchors placed in the soil, or

a loaded flat bed truck with sufficient clearance for load measurement

equ'ipment. Because of the load requi rements, the tests are expens'ive

and time consuming (0glesby, 1975, p. 653).

In onder to save the t'ime and expense of the subgrade test, corre'la-

tions with K-value or R-value like those shown'in Figure 2.1 published

by the Port'land Cement Association (PCA,1973, p. ?7) are widely

enpl oyed.

Estep and Wagner (1968, p. 214), however, believed that the PCA

chart was constnucted by comparing K-value and R-value with Ca'liforn'ia

Bearing Ratio (CBR).

Recent attempts were made to permit the use of smaller and therefore

more economical plates. Butterfield and Georg'iadis (1981, p. 60) pro-

pose "a new procedure for interpreting p'late-bearing test that allows

the complete nonlinear pressure vs. displacement curve to be described

in terms of stiffness that are quite'independent of the plate size".
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Unfortunately, the model requires conventional piate tests on p'lates of

two d'ifferent sizes.

The AASHT0 subgrade reaction test is not usually conducted under the

worst possible f ield condit'ion, 'i .e. when the so'il is saturated. "To

sirnulate the effects of saturat'ion, two samples of the subgrade are sub-

jected to a short term'laboratory consolidation test of 10 psi, one in

the original condition and one inundated. The ratio of the "as 'is"

settlernent to the inundated samp'le is nrultip'lied by the field K factor

to obtain a K value that is cornected for saturation" (Sowers & Sowers,

1970, 9. 249).

Resil'ient Modulus, \
The resi I i ent modul us 'i s determi ned from a Repeated-Load

Triaxial-Corpression Test. In this test the resilient moduli

correspond to recoverable or res'i I ient deformations (Seed, et.al .,
1967, p. 20).

M = Stress Amp'l'itude (Lottman , 1976, p. 50)'? Strain Amplitude

where,

stress arplitude = load/area of the specimen
strain arplitude = recoverable deformation/original hei ght

Factors which affect \ inc'lude the following (Table 2.1.): 'road or

stress duration, load fnequency, grain size, void ratio, degree of

saturation, confining pressure, and stress level (Seed, et.a1., 1967, p.

24; Majidzadeh, 1978, p. 134; Lottman, 1976, p. 55). In a summary of

these factors, Seed, et.al. (p.24) stated, "The rate of load appl.ica-

tion, although having an influence, is not of major importance - a

reasonable loading rate consistent with moving traffic can be utilized.
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TABLE 2.1

Factors Af fect'ing the Resili ent Modulus

Stress Duration MD i ncreases sli ghtly when t'ime of
1'dad applicat'ion is reduced

Frequency 
h]ffl.liii,llt?.increased 

frequencv

Grain Size I'L - moisture and density relation is
dEpendent on soi 1 tYPe

Void Ratio

Satu rati on

Confining Pressure

Stress Level

Granu'lar soi 1 sanp I es tend towa rd the
same void ratio after several hundred
1 oad repetitions

Ir,
Increases i n confi ni ng P ressure
result in large increases in l\
Stress 1 evel has 1 ittl e effect on

Itt so long as the sarnple has little
p'lastic deformation

decreases by a factor of 4 as a

ult of saturation

g
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Frequency, on the other hand, may influence results s'ign'ificant'ly, and

some ind'icat'ion of the fnequency of load applications shou'ld be con-

s'idered. A representative number of repetitions consistent with the

field conditions should also be used. The major difficulty is to define

the stress condition under which the resilient behavior of the material

should be measured l'.

Hsu and Vinson, 1981, also found that the confining pressure has a

significant effect on the resilient modulus associated with cohesionless

subgrade soi ls.

According to Medina and Preussler, 1982, as the compact'ion, moisture

content i ncreases, the resi I i ent modu I us decreases . Medi na and

Preussler, 1982, also presented a tentative classification accord'ing to

resif iency for sandy and clayey soils.

Cal iforni a Beari ng Rat'io, CBR

CBR is an'index of strength and deflection characteristics of a soil

that has been correlated with pavement performance (Sowers & Sowers,

1.970, p. 249). The test is performed on soil confined in a steel

cylinder 6 inches in diameter and 5 'inches th'ick. A 1.9 inch diameter

piston 'is then forced 'into the soil. The CBR 'is the percentage of the

soil load required to produce a 0.L inch deflection compared to a stan-

dard crushed stone.

A poor correlation between subgrade support and CBR under field con-

d'itions was reported by Kondner and Krizek (1972), p. 578). A curve of

the relation with data shown is g'iven in Figure 2.2.

The report 'in 1957 by Nascimento and S'imones to the Fourth

International Conference on Soil Mechanics was more encouraging (p.
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166-168), "The conclusion is drawn that the modulus of subgrade reac-

tion, Ks, is 1/8 to 1/4 of CBR for soft material and 1/8 to 1/3 of CBR

for hard materi al s ".

Hveem Stabi lometer R

The R-value'is a number expressing the measure of a soil's ability

to resist the tnansmission of a ventical load in a lateral d'irection

(Hines, 1978, p. 1.). Details of the test method are conta'ined in ASTM

D 2844 or AASHT0 T-190.

Attempts in California to confirm the relationsh'ip of K vs. R-value

as shown i n Fi gur re 2.1 were reported 'in 1968 by Estep and l,Jagner (p.

?14). The attempts, however, were not conp'letely successful, "When k-

value was p'lotted vs. R-va1ue, no direct cornelation was found as had

been pred'icted. However, we were able to develop a curve which lies at

or be'low the min'imum k-values measured for vanious R-values".

Based on the work of Estep and Wagner, Nielson, et.al. (1969, p.6)

proposed the following relationship between k-value and R-value:

K = 0.401 + 2.546R - 0.042R2 + 0.0008R3

Nlelson's equation, based on a least squares fjt of a polynomial

equation, was accompanied by a figure showing considerable scattelin

the data. Nielson's figure is unfortunately not suitable for reproduc-

t'ion.

Attempts have been made to correlate R-value with other tests, espe-

cial1y the res'ilient modulus h. Buu (1980, p.20) working'in Idaho

found a good correlation between \ and R-value for coarse grained so'ils

with the coefficient of correlation r = 0.906. According to the corre-

lation, for coarse grained soils with 1ow p'lasticity:
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\ = 1.455 + 0.057 (R-va'lue)

The correlation for fine grained soils, hcxeven, was poor with a coef-

ficient of correlation r = 0.330. For fine grained so'ils for moderate

or high plasticity and R-value higher than 20:

MR = 1.601 + 0.038 (R-value)

Dr. Gary Hicks a'long with Dr. Ted Binson are currently (January, 1982)

finishing some tests for the 0regon DOT wh'ich were begun by Gregg. They

reported verbally that no correlat'ion was found between \ and R-value.

Hines (1978), p. ?6) in a study for the Colorado Division of H'ighways

reports a good coeffic'ient of correlation; r = 0.874 for section aver-

a ges and r = 0.7 68 for pool ed resul ts. Hi nes ' report conrnents ,

"However, there is poor agreement with the present conrelation. In both

cases the regression line is shifted to the left of the present correla-

tion. This could be caused by low laboratory moduli resulting from low

confining pressures" (Hines, 1978, p. 26). Figures 2.3 and 2.4 are the

figures taken from Hines' report.

In a direct warning that the R-value may not be suitable, Dr. Wayne

Heiliger (1971) stated in his dissertation abstract, "An investigation

of high strength pavement components disclosed that the R-value test

equipment and procedure is not valid for materials which possess high

resistance to lateral deformation". This warn'ing is particularly

disturbing because the dissertation is titled "Adaptat'ion of the General

AASH0 Road Test Equation to Arkansas Conditions".

Other Tests

Attempts have also been made to correlate the subgrade neaction K

with other tests. The modu'lus of elasticity was suggested by Vesic
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(I{interhorn and Fang, 1975, p. 517) and Carothers (1964, p. 3?). Myers

and Kinchen (1972, p. i6) suggest a correlation with the Dynaflect test.

Butt, et.al. (1968), p. 7 0) suggest a sphere bearing test.
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Chapter 3

F IELD AND LABORATORY INVESTIGATIONS

In November, 1981, the field invest'igation was started. During the

period of I ate llovemben and early December, 1981, the Pl ate Bearing

Test, Field Density, and sanple collection for labonatory 'investigations

were performed in the field.

The laboratory investigations started in early January, 1982, and

continued for the following eight months.

California Bearing Ratio, Res'ilient Modu'lus, and Hveem stabilometer

(Resistance Value) were penformed in the laboratony on the conpacted

sanples.

Si t,es

The research committee decided to conduct the field investigations

at ten different sites. The committee also recommended that the sites

be representative Arkansas soils as well as var''iable in str^ength. The

ten sites selected by the Arkansas Highway and Transportation Department

(Al.ffD) are shown in Figure 3.1.

Plate Bearinq Test

The Plate Bearing Test was performed by Test Inc., a soil testing

f i rm f rom Merphis Tennessee.

For the purpose of performing the Plate Bearing Test a trailer truck

is needed to pt'ovide a reaction load. The AHTD, Ankansas Highway and

Transportat'ion Department, furnished a trailer truck with gross weight

of 68,000 1bs (Figure 3.2). Test, Inc., furnished the rest of the
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Figure 3.2 Trailer truck used for Plate Bearing Test

Figure 3.3 Set-up of the Plate Bearing Test
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equipment needed to perform the Plate Bearing Test including a 100 ton

jack and the 30 in. diameter bearing plate (Figure 3.3).

A total of sixteen Plate Bearing Tests were performed at ten sites.

At s'ix of the sites two Plate Bearing Tests were conducted (Figure 3.1)

in order to check the variation between the Plate Bearing Test at a

site. The second tests were perfornnd approximately 20 to 30 ft. away

from the first tests. All of the tests were performed on fill subgrade

sti l'l under constructi on.

Except for one modification, the Plate Bearing Test was conducted in

accordance with AASHTO T22?-66 (1974) (the same as ASTM Dli96-61 1971).

The AASHT0 specifications call for 18 ft.'long deflection beams wh'ich

should rest on supports located at least I ft. from the circumference of

the beaning p'late, nearest wheel, or supponting leg. l.lind blowing

against the deflection beams caused d'isturbance in the deflection

read'ings. In order to neduce the d'isturbance, 10 ft. long deflect'ion

beams were used instead of 18 ft. beams. Figure 3.4 shows the Plate

Bearing Test in progness using the 10 ft. long beams. Plots of load

versus deflection are presented 'in Appendix A (Figure A-1).

Field density and moisture content were measured by nuclear density

gages at 3 ft. from the circumference of the bearing piate. The

nuclear density gages were furnished by the AHTD.

Sample CoiIection and Pneparation

Disturbed samp'les for laboratory investigations were collected at 3

ft. from the circumference of the bearing p'late by the AHTD. At the end

of the fjeld investigation, the samples were delivered to the Soil

Mechanics Laboratory of the University of Arkansas, Fayetteville campus,

by the AHTD.
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Figure 3.4 Plate Bearing Test in progress

F'igure 3.5 Penetration Test on CBR samp'les
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The samp'les, approximate'ly 120 lbs to 200 lbs each, were oven dr.ied

at 140oF. Oven dried sampies were disaggnegated with a nubber pest'le.

Cl assification

Grajn size analysis, liquid 1imit, and plastic limit were performed

in order to classify the soils. Sieve analysis results were adequate

for classification, therefore, ro Hydrometer Analysis was conducted.

The samples were classified i n accordance with AASHT0 and UNIFIED

classification (Table 4.?). c'lassification ranged from A-2-4 to A-6 by

the AASHT0 system.

specific aravity of the material passing the No. 4 (0.187 in.) sieve

was obtained for each sanple (Table 4.2).

California Bearinq Ratio (cBR )

CBR is a bearing rat'io determination of the laboratory compacted

soil sanp'les to that of a standard material (crushed stone).

The standard proctor conpactive effort (s.5 lb hammer/lz in. drop/3
'layers) was used to conpact the sanples in accordance w'ith ASTM D 698-70

(6 in. mold/soil material pass'ing a 3/4 in. s'ieve). prior to compac-

tion, the soil samp'les were mixed with water and stored in a 100% rela-

tive humidity npisture chamber for 24 hours. The specimens were

corpacted using a Rainhart automatic laboratory compaction apparatus

with a sectorfaced harmer.

The bearing ratio was determined in accordance with ASTM D 1883-73.

This nethod covers the evaluation of the relative quality of subgrade

soils.

To determine the bearing ratio a 1.9 in. diameter piston is
pushed 0.5 inch into the specimen at a rate of 0.05 inch per minute.
(Fi gure 3.5 ).
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The bearing rat'io is calculated'in the follow'ing manner: Using the

load values (in psi) taken from the load-penetration curve for 0.1 in.

and 0.2 in. penetration, the bearing rat'ios for each is calculated by

dlvid'ing the loads by the standard loads of 1000 psi and 1500 psi

respecti ve1y, and rultiplying by 100.

The corrnon practice'is to soak the CBR specimens for a period of 96

hours jn order to saturate the samp'les and measure the swel l'ing of the

soil. But, in order to reproduce the unsaturated field condition at the

t'ime of the plate bearing test, the penetration was performed on the

unsoaked specimens inmediately after the compaction. During the

penetration test a surcharge wejght of 10 lbs was applied to the speci-

mens (Figure 3.5). Load-penetration curves for three specimens (below,

dt, and above optimum noisture content) are presented in Appendix A

(Fi gure A-2).

Resilient Modulus (Mn)

The res'ilient npdulus is the ratio of deviator stness to nes'ilient

axial strain. The \ test is a dynamic test.

A standard procedure to conduct the Resilient Modulus test does not

exist at the present time. The method used in this study follows, with

minor modifications, the "Suggested Method of Test for Resilient Modulus

of Subgrade soi'ls," prepared by the Department of civil Engineering of

the University of Idaho at Moscow, Idaho for the Idaho Transportation

Department, Division of Highways, Boise, Idaho. This method, with minor

correction, i s expected to be approved by the AASHTO Materials

Conmittee. The Resil'ient Modulus method used is described in Appendix B

i n detai I.
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The specimens for h tests were compacted by static compaction to

the same density and moistune content that existed in the field at the

tjlne of the Plate Beaning Test. The method of static compaction used'is

described in deta'i1 in Appendix 8..

rhe mold (2.75 in.'inside diameter and 6 in. high) and piston used

to prepare the h specimens are shown in Figure 3.6. The three layer

(2 in. each) specimens were compacted with a constant displacement rate

of 0.05 in. per minute (Figune 3.7). Prior to compaction the so'ils were

mi xed f or the ties'i red moi sture ancl stored i n a 100% rel ati ve hum'idity

mo'isture chamber for 24 hours. After conpact'ion the samples were stored

in the moisture chamber for 24 hours again prior to the testing.

The so'ii samples wele divided into two categories. The so'ijs with

PI of i0 or more (cohesive) and soils with PI of less than 10

( granul ar ) ,

The va ri ous combi nat'ions of the chamber pressures (os ) and dev'i ator

stresses (oa) that were appiied to the cohes'ive and granulan nesidual

modulus samples are presented in Table 3.1. At each of the chamber

pressunes, 200 repet'itions of oO were applied.

A haversquare pulse load (0,i second load du;'ation) at 30 repeti-

tions per m'inute was used to apply the deviator stress, Loads were

applied with an MTS 810 machine (Figure 3.8). Prior to test'ing, samples

were cond'itioned with loading applications (Appendix B).

At the 200th repetit'ion the residual, Er, was recor^ded. MR was

calculated by d'iviciing od [rJ er. Plots of h vensus the sum of prin-

ciple stresses (e = od * 3oa) are presented in Appendix A (Figure A-3).
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Figure 3.6 Mold and piston used for compaction of
Resi I i ent Modul us sampi es

Figure 3.7 Static compaction of Resi.l ient
I'lodul us sampl es

I
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Tabl e 3.1 lied Stresses in Res'idual Modulus Test

Co hes i ve Granul ar

o3, PS i od, Psi

,2 ,4 ,8, and 10

,2 r4 r8, and 10

,Z,4r8, and 1.0

o3 r PSi

20

15

10

5

1

od, ps'i

1,2,5,10, and

L,2,5,10, and

L,2,5, 10, and

L,2,5,10, and

f(}

3

0

1

1

I

20

l,?,5,7.5, and

20

15

15

i0

I
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Figure 3.8 Resilient Modulus Test in progress

Figure 3.9 LUCAS Kneading Compactor
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Hveem Stabi I onreter (R-va1ue)

The Hveem StabilonBter measures the resistance offered by a so'i1 to

tnansmiss'ion of a vertical load in a lateral di rection. The resistance

or R-value is expressed as the ratio between the lateral transmitted

pressure and a vertical pressure of 160 psi which 'is appf ied w'ith a

testing press (ASTM D ?844-69t751).

Because the AHTD uses materials which pass the No. 4 sieve for R-

value samples, material s passi ng the I'lo. 4 sieve were used i n th'is

study. R-value samples were mixed w'ith water and stored in a 100% rela-

tive humidity rnoisture chamber f or 24 hour^s prior to conpaction.

The samples were conpacted by means of a nrechanical kneading type

corpactor (Figune 3.9). The mechanical compactor manufactured by GEO.

R . LTCAS consol i dates the materi al wi thout stati c conp ressi on or

damaging inpact; instead a senies of individual inpressions are made.

The kneading ram has a face shaped like a sector of a 4 in. diameter

circle. At each application of the ram a pressure of 350 psi is applied

over an area of 3.1 square inches. This pressure is maintained for

approximately L/2 second (Grubbs and Roberts, 1966, p. 7).

At least three specimens with d'ifferent moisture contents were com-

pacted. After conpaction the exudation pressure was obtained for each

of the R-value samples by use of the exudation indicator device (Figure

3.1 o).

The R-value samples wene forced from the mold into the Hveem

Stabilometer (Figure 3.11). Vert'ical load (Pr) was applied and the pro-

duced horizontal pressure (Pn) was determined. Then the lateral displa-

cement (D) of the sample was measured by app]ying horizontal pressure.

The R-value was determined by the fol'lowing equation:
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D

where: P.. = 160 psi (2000 pounds)
v

Pn = horizontal pressure at P, = 2000 pounds

26

3.1

due to horizontal pressur-e (number of

exudat'ion pressure are presented i n

100
R = 100 -

2

)
5 (i

h

! = Di splacement
turns)

Pl ots of R-values versus

Appendix A (Figure A-4).
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Chapter 4

RESULTS AND DISCUSSION

!!odu lgq qf $ubgrade Reaction (J(-value)

K-value repnesents the load in pounds per square'inch on a loaded

area divided by the deflection in inches of that loaded area (AASHT0,

t972). K-value is obtained from the Plate Bearing Test (PBT), where

load up to 25,000 lbs is applied to a 30 in. d'iameter plate resting on

the top of the subgrade soil by jacking against a fixed beam provided by

a tra'iler truck or two dump tnrcks connected by a beam. The PBT was

performed in accordance with AASHT0 T???-66 (1974) which'is the same as

ASII',! D1196-64 (1971).

The deflection was reconded by two dial gauges accurate to 0.001 in.

set opposite from each other (Figure 3.3). The average of the two dial

gauge readi ngs i s used fon al 'l cal cul ati ons.

Sixteen Plate Bearing Tests wene perforned at ten sites. Two tests

were performed at six of the ten sites and one test at four sites. At

site N-l (Nashville), the edge of the plate came up when the load was

removed. 0ne of the possible explanations is that the jack used to

apply the load was not properly centered. Therefore, eccentnicity, of

the 1oad, might have caused the negat'ive rebound. As a result, samp'le

N-l was nemoved fnom the study.

The K-value, total deflection after nebound, field moisture content,

and dry density for a1l samples are pnesented'in Table 4.1.

The highest K-value obtained is 667 ps'i/in. fon a sandy-c1ay soil

classified as A-?-4 (AASHT0), and the lowest is 95 psi/in.rfor a
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clay-si'lt soil classified as A-4 (AASHTO). Gener-a'11y, higher^ K-values

were obtained at sites with higher density.

The results of the plate Bearing Tests, .in the form of
Load-Deflection p1ots, are presented in Appendix A (Figure A-1). A

I inear negression was determi ned and p1 otted for each of the

Load-Deflection results. The slope of this linear regnession divided by

the cross-section area of the bearing p'late (700.g0 in2) is the Modulus

of Subgrade Reaction (K-value).

CI ass'if ication

The soil sanples were classified in accondance with AASHTo and

UNIFIED Classification Systems (Tab1e 4.2). The classifications ranged

fnom A-2-4 to A-6 (AASHT0) and from sM to cL (UNIFIED) representing a

wi de ran ge of mate ri a'l .

specific gravity (Gr) of ail the samples of mater.ial passing through

No. 4 sieve wene obtained in accondance with ASTM Dg54 (Tab1e 4.2).

Ca I i forn'i a Beari nq Rati o (can1

CBR is the bearing ratio of a laboratory conpacted soil specimen

which is tested by conparing the penetration load of the soil to that of
a standard material (crushed stone with standard loads of 1000 psi at

0.1 in. and 1500 psi at 0.2 in. penetration).

CBR was conducted according to ASTM D1883-73. Several specimens

were prepared and conpacted in order to determine the maximlm density

for each soil- Penetration tests wene performed on unsoaked specimens

imnediate'ly aften conpaction. Although the soaked method of CBR is more

comnonly used, the test sites were not saturated at the time of the
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Plate Bearing Test. Therefore, the penetration test was conducted on

the unsoaked specimens in order to more near'ly simulate field

condi ti on.

The samp'les from Fayetteville (F-1), Little Rock (LR-i), and Russell

(R-1) sites were depleted in pneliminary tests. AHTD obtained addi-

tional samples needed to continue the laboratory invest'igations on F-1,

LR-1, and R-1 samples. LR-l and R-l samples, obtained'later, were simi-

Iar to the original samples colIected duning the field investigat'ion and

class'ified the same as the original samples. samp'le, F-1, however, v,,as

a different material than the original F-1 sample collected during the

field'investigat'ions and was not used in the study. The penetration

test for the F-1 sample was performed on the remolded original sample.

Eight of the CBR values obtained showed higher values of CBR at 0.2

in. penetration than 0.1 in. penetration (Table 4.?). The bearing

ratio reported for the soil is normally the one at 0.1 in. penetration.

ASTM D1883-73 specifies that'if the value of CBR at 0.2 in. penetration

'is greater than CBR at 0.1 in. penetration, a second test should be run.

From the nesults of the second test the higher cBR value (at 0.1 or 0.2

in. penetration) should be reported. At th'is time the original samples

stored in the laboratory were used to the point that a retesting of the

CBR with unused so'il would not leave any sample to continue the investi-

gation. Therefore, cBR is reported at 0.1 and 0.2 in. penetration.

CBR at 0.1 and 0.2'in. penetration for all the sanples are presented in

Table 4.2.

The plot of the penetration test results for thnee specimens of each

soil sample are presented in Appendix A (Figure A-2).
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Re:;il ie"t l4odulus (Mn )

The Resilient Modulus, M*, is a dynamic test response defined as the

rat"io of repeated axial deviator stress, od, to the necover.able or resi-

I ient axial strain, e r or:r
od

MR
e

4.1
r

(Rada and t,litczak, 1981, p. 1)

Resi li ent Mod.rl us sampl es were conpacted by static compaction.

Static conpact'ion pnovi des better contnol of the. sample density than any

othen method of conpaction. Static compaction is descr.'ibed in detail 'in

Appendi x B.

Resilient Modulus sanples wene prepared at the same density and

moisture content as existed at the Plate Bearing Test sites.

The resilient deformations genera'lly stabilize before 100 repet'i-

tions of load. Therefore, the Resilient Modulus is conputed after 200

repetit'ions (Rada and witczak, 1981, p. 1). A haversquare pu1 se load

(0.1 second Ioad dunat'ion) at 30 repetitions per minute was used for

loading the Resilient Modulus sanp'le. The Resilient Modulus'is reported

i n the form of:

h = KreKt 4.?

where \ = Resilient Modulus, psi

0 = Sum of principal stresses, psi

K, and K, = Regress'ion constants

Kr and K2 depend upon the material type and physica'l pnoper-ties of

the specimen duning the test (Rada and Witczak, 1981, p. l).



By varyi ng the chamber^ p ressure , (o3 ), and the devi ator stresses ,

{r,,), a series of M* values were obtained for every samp'le. MR values

were plotted versus o's on a log-1og graph to obtain K, and K, constants

f rom the regression analysis (F'igune A-3). The values of Kr, \., and

M* at 0 = t5 psi for each sample are presented in Table 4.2.

Rada and l.litczak (1981, p. 4) observed that for^ granular materials a

correlation between incneasing K] and decreasing Kz values exists

(Figure 4.1). The number of M* tests in this study (15) was low com-

pared to that of Rada and Witczak's, yet the same type of correlation

between KI and K, values was observed (Figure 4.i). Rada and Witczak

(1981, p. 6) also state that the range of K, (and hence K2 ) within a

given class of soil appears to be significant.

Generally the plot of M* versus e at higher chamber pressures (o: =

15 and 20 psi for granular soils) shors irregular results (Figure A-3).

A betten relationship exi sts between h and e at I oler^ chamber

pressures. The plots of h versus e ind'icate that at higher chamber

pressures a langer negative slope exists than at lower chamber pressures

(Figure A-3). To shor the change of the slope at different chamber

pressures, three arbitrary curves are plotted at the three lower chamber

pI'€SSUTBS, 03 (os = 1, 5, and 10 psi for granular soils and o3 = 0, 3,

and 5 psi for cohesive soils) fon all samp'les (Figure A-3). However,

higher h values were obtained at lovler deviator stresses od

negardless of the chamber pressure value (os ).

Hveem Stabi lometer (Resistance , R-va1ue)

The abilfty of the soil to resist plastic deformation is measured'in

terms of R-value (Howe, 1961, p. 5).
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The R-value test was performed under the guideline g'iven by the ASTM

DZB44 (same as AASHT0 T-190). The samples for the R-value test were

prepared by kneading corpaction w'ith the material passing No.4 sieve.

At least 3 specimens with different moisture contents were prepared from

each sarpl e.

R-va1ue versus exudation pressure curves are presented in Append'ix A

(Fi gure A.4). R-value 'is reported at exudation pressure of 240 ps'i in

AHTD spec'ifications. The 240 psi exudation pressure is used because it
was found to agree best with the results obta'ined at the AASHTO noad

test (Clerents, 1967, p. 9).

Since R-value tests were conducted for the standard 300 psj, some of

the 240 psi values had to be obtained by extrapolation. Table 4.2 pre-

sents the R-values obtained from the graph of the R-value versus exuda-

tion pressure (Figure A-4) at 300 psi exudatjon pressure. The R-values

at 240 psi exudation pressure are presented in Table 4.3. The dif-

ference in R-value for samples J-l and J-2 are similar for 300 psi and

240 psi and cannot be explained by extrapolat'ion.

Howe (1961) showed that the stab j I ometer primari 'ly ref 'l ects the

internal friction factor and the effect of clay'lubricity (Figune 4.2).

Sanples D-1, R-1 and R-2, which ane classified as CL by UNIFIED classi-

fication system, have the lowest R-values obtained in this study (Tab'le

4.2) .

D ISCUSS ION

Results from the Modulus of Subgrade Reaction (K-value), California

Beari ng Rat'io (CBR ) , Resi I i ent Modulus (Mn ) and Hveem Stabi I ometen

(R-va'lue ) were analyzed usi ng the Stati sti cal Analysi s System at the

Univensity of Arkansas Computer Center. The computer made the eva-

luation and plotting of the results easier and more accurate.
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Table 4"3. R-values at 240 psi exudat'ion pressure

Sampl e R-va I ue

A-1

A-2

D-1

E-1

E-2

F-1

J-1

J-2

LR-1

N-2

R-1

R-2

SS.1

STC-1

STC.2

16.4

13. 7*

L2.7

?8.2*

37 .2

17 .9

72.t

26.g*

15 .3

71.7

L2.0

13 .0

22.2
*

20.8

i6. 3

*by extrapol ation
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The plots of K-value ver.sus CBR at 0.1 and 0.? in. penetrat'ion

{Figures 4.3 and 4.4 respective'ly), indicate no correlation. The corre-

lation in these Figures is so poor, it is unlikely that the use of

remolded sample F-1 would change the results. CBR was determined in

aecoreianee uith ASTM standard D 1883. No correlation was found between

K-vaiue and Resilient l,{odulus. Resilient t-hdulus (Mn) is usually pre-

sented in the form of h = KreKr. Figures 4.5, 4.6 and 4.7 show K-value

versus K1, K2, and h .t 0 = 15 psi, respect'ive'ly. Fifteen (i5) psi was

chosen because'it is common to all of the samples and h ut this e shows

the best re1ation w'ith K-value. In the plot of K-value versus

Kt (Figure 4.5), a concentration of results exists at the lower left
hand part of the plot. The K-va'lue versus K. p'lot (Figure 4.6) and K-

value versus h at 0 = 1.5 psi (Figure 4.7) show sim'ilar distribution of

resul ts.

The plot of K-value versus R-value at an exudat'ion pressure of 300

Psi (Figure 4.8) has no correlation. A plot of K-value versus R-value

at an exudation pressure of 240 psi (not shown here) has a s'im'ilar

result distribution. Sonre R-values at 240 psi exudatjon pressure v{ere

obtained by extrapol ation.

Based on observation and straightline regression, no relation bet-

ween K-value and CBR., h, or R-value was found. Sub-relationship bet-

u,een K-value and 'laboratory test results such as soil classification,

liqu'id limit, plasticity index, percent passing No.200 sieve, percent

passing No. 4 sieve or density of the samp'le were also investigated. An

example of a sub-relation check is a K-va1ue p'lot versus CBR plot wh'ich

has contour lines for classification (not shown here). No relationship

was found.
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STATISTICAL ANALYSIS

The "Stat'isti cal Analys'is System" (SAS ), a computer package

available to conputer users at the University of Arkansas, was used to

perform the statistical ana'lysis. SAS is a computer system for data

analysis developed by SAS Institute. SAS provides: information storage

and retrieval, data rpd'ification and programming, report writing, sta-

tistical ana'lysis, and file hand'ling for the users (SAS User's Guide,

1979, p" 3).

The investigation of any correlations between field and labonatory

tests included correlation coefficients. Corre'lat'ion coeffic'ient, r, is

a measure of association between two variables (Cooper, B.E.,1969, P.

206). A correlation usually ex'ists when the squared correlation coef-
?

f icient (r'), 'is 0.7 or greater.

Spearman and Kendall Tau B correlation coefficients were also used

to investigate any correlation between K-value and labonatory test

resu'lts. Spearman's coeffic'ient of rank correlation measures the degree

of correspondence between ranking, 'instead of between actual variate

values, but 'it can still be considered a measure of assoc'iation between

the sanples and an estimate of the assoc'iation between X and Y jn the

continuous bivariate population (Gibbons, 1.971, p. 226). Kendall Tau B

is a measure of association between random variables from any b'ivariate

popu)ation (Gibbons, 1971, p. 209).

The C0RR procedure which SAS provided conputes correlation coef-

ficients between variables, including Spearman and Kendall Tau B corre-

I ation coeffic'ients and the s'ign'if icance probab'lity of the correlation

(SAS User's Guide, 1979, p. 173). S'ign'ificance probability provides an

i ntu'i ti ve i ndi cati on of the strength of the evi dence agai nst the

hypothesis (H) since it 'is the probabi'lity (unden H) of getting a va'lue
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of the test statist'ics as extreme as or more than the observed value

(Lehmann, and D'Abrera, 1975, p. 11).

Standard Tests

Spearman and Kendall Tau B coefficient of correlations for K-value

versus CBR at 0.1 and 0.2 in. penetration, h ut g = 15 ps'i, and R-value

are presented in Table 4.3. The significance probability of the corre-

lat'ion coefficients for K-va'lue and CBR at 0.1 and 0.2 in. penetration

and R-value are high (0.8099, 0.9697 and 0.6418, respectively) and

conrelation coefficients ane low (0.0679, 0.0107 and 0.1309,

respectively). Therefore, no significant correlation can be obtained

between Plate Bearing Test and CBR, or Hveem stab'iIometer (R-value) in

this study.

The significance probability of Spearman and Kendall Tau B correla-

tion coefficients for K-value versus h at e = 15 ps'i are 1ow, which

means there is a good possibility of a correlat'ion between the two

tests. In the case of Spearman, the correlation coefficient (r) is

0.53929. Therefore the determination coeffic'ient (.'), which defines

the pencent variability, is 0.29083. A determination coeffic'ient of

only 29.083 percent of variabi'lity, means this correlation can not be

used as a predictive model.

The r'e'lationship arcng the'laboratory test resu'lts was investigated.

The best relationship found, was between CBR and R-values for the

samples classified as A-2-4 (AASHT0). CBR at 0.2 in. penetration vensus

R-value gives a correlatjon coefficient of 0.8333 (Spearman) with a

significance probability of 0.0102 (Figure 4.9). Care should be taken

when relating CBR and R-value because the number of test samples are

limited and there is no CBR over 28.
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Tests at Fi eld Mo'isture

In this study, resilient rnodulus samples were formed at field

moisture, while the cBR and R-values were formed by ASTM standard

procedures. CBR is reported at optinHrm moisture content. R-va'lue is

reported at 300 psi exudation pressure.

In order to check for a corre'lation at field moisture, values of CBR

obtai ned at various mo'istures for each sample u.rere p'lotted versus thei r

corresponding moisture contents (Figures A-2 in Appendix A). Fnom these

p'lots the CBR at field moisture (at 0.1 inch penetration) was obta'ined

for each sample (Table 4.5).

A plot of K-value versus CBR at field moisture (Figure 4.10) indi-

cates a better corre'lation than K-value versus standard CBR (Figure

4.3). Spearman and Kendall Tau B correlation coefficients were obtained

for K-value versus CBR at field moisture (Table 4.6). The determ'ination
2

coefficient (r ) for K-CBR correlation is less than 0.25. No predictive

model can be based on such a low 12.

However, K-value versus CBR at field moisture for A-4 and A-6

(AASHT0 ) soi 1 samp 1 es (F i gu re 4.1 1 ) gi ves better correl ati on coef-

fic'ients (Tabie 4.6). The linear regnession between K and CBR for A-4

and A-5 soil samples at 0.f inch penetration (K = 1.3.8 CBR + 80.6) gives

a cletermjnation coeff icient (.') of 0.7785, which 'is s'ign'ificant.

Because of the l'imited number of po'ints (7), this corre'lation shoujd be

u sed caref u 1 
'ly 

.

The relation between K-value and cBR at 0.1 inch penetration is

reinforced when points at a comnon site are averaged (Figune 4.12). The

deter"mi naticn coefficient is improved to 0.8382.

A ccrrelation between K-value and CBR at field moisture also exists

for 0.2 inch penetration (F'igure 4.i3). The determjnation cceffjcient



50

Table 4.5 CBR and R-value at F.ield Moisture

Samp 1 e CBR R-v al ue

A-1
A-?
D-1
E-i
E.?
F-1
J-1
J-2

LR-i
N-2
R-1
R-2

ss-1
STC-1
STC-2

13.8
13.0

29.8
?9.6
8.7

NA*
0.
1.
4.

11.
35.

o

18.
3.
6.

30.
21.
?3.
15.

23.6
24.t
7 5.0
46.4
31. 3
68.0
17.4
15.3
NA*
L3.2
7.7

5
6
6
5
5

0
3
0
5

5
0
0
5

*scatter of data is too large

Table 4.6 correlation coefficients for Tests at Field Mo.isture

Co rrel at'i on
Coefficient (r)
S'i gn-Ti cance
Probabilit ofr Atl

[.-val ue
\rc

CBR

samp les A-4 & A-6 Samples R-va lue

S PEARMAN

KENDALL TAU B

9643
598

0" 3 9048
0.0425

362

0.6 1905
0.0 509

0.7 47?5
0.0 033

0. 5 3846
0"0 104

0
0

0.4
0.0

7t857

0
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a(r') of 0.7797'is the same as for 0.1 inch penetration. The piot for

points averaged at a site (Figure 4.14) had a determination coefficient

of 0.8380 which is the sanre as for 0.1 inch penetrat'ion.

One possible reason for a correlation at field moisture for A-4 and

A-6 classified soils on1y, is that the A-2 soils wjth larger than 3/4

i nch materi a'l removed, do not have the sarre engi neering properti es as

the soils in the field.

R-values f or each sanp'le were pl otted versus thei r correspond'i ng

moisture contents. R-values at field moisture for each sample were

obtained from these plots (Tab1e 4.5). P'lots of R-value versus moisture

for the E-I and SS-1 samples were scattered. Therefore, the R-va'lues at

field moisture are reported on'ly for thirteen (13) sanples (Table 4.5).

The plot of K-value versus R at field moisture (Figure 4.15) shows

better correlation than K versus standard R (Figur^e 4.8). Spearman and

Kendall Tau B correlat'ion coefficients for K-R relation are high (Table

4.6). Coeff icient of determinat'ion, ,2, (Spearman) for K-R relation 'is

0.5584, which is not highly significant. For a l'inear regression, ,'is
less than 0.25.

Variance of the Field Test

To investigate the dependibility of the Plate Bearing Test results,

Cochran's Test was used. Cochran's test is the testing of the homoge-

ne'ity of vari ances (Beyer, W,H., 1968, p. 325).

Based on the experiment a completely random nested model was

des'igned to be tested. This model 'is:

K.vaIue = MEAN + AASHTO CLASSIFICATION + LOCATION (AASHTO)" + ERRON

*Location is nested in the ciass'ification
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where MEAN represents the average K-value over all populations; AASHT0

CLASSIFICATi0N represents variabi'l'ity of K f rom one classif icat'ion to

another; L0CATI0N (AASHT0) represents variability of K between locations

and tRROR represents variabi'lity of K within locations. Locations are

nested in the classification, which means the leveIs of locat'ion are

chosen within the levels of c'lassification (Hicks, C.R., 1982, p.228).

Variance conponents are estimated for all fifteen samples. The ana-

lysis of the results shows vaniability within site E (El Dorado) is ruch

greater than within other paired sites. S'ite E (samples E-1 and E-2) js

removed and the variance conponents are estimated for the remain'ing

thirteen samples. Table 4.5 presents the estimated variances com-

p onents .

The results fnom Table 4.5 shows a drast'ic dr.op from 40.4% to 1.4%

in the varjance of error due to renpval of E-1 and E-2. The drop of

error due to removal of E-1 and E-2 samples makes the K-values obtained

for this site questionable. Since the difference in field moisture con,

tent (Tab'le 4.1) for the E-1 (19.9) and E-? (15.4) samples was greater

than 4%, it is possible that the Piate Bearing Tests on El-Dorado site

were conducted on djfferently compacted locations.

The results of the variance components for the thirteen samples also

shor a greater variance among K-values from one site to another (84.21")

than one c'lassification to another (14.4%). The variances with'in a site

is sma'll (i.4%).

After removal of E-1 and E-2 another correlation study was conducted

which did not show any better results than the f.irst study.


